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2014 年和 2015 年夏季台湾海峡水体中 δ18OP的分布在靠近九龙江河口和闽
江河口区受陆源输入影响明显，呈现低值，而东山上升流区与 DIP、DOP 一致
都呈现出高值。在远离近岸水域的 DIP 的 δ18OP具有低值，表明此部分 DIP 主要


















Phosphorus(P) is one of the most important biogenic elements needed for the 
growth of organisms and a ultimate limiting nutrient for system productivity over long 
timescale in nature. It is usually present as +5 valence phosphate in water. It is defined 
as phosphate-limited water if phosphate concentration is lower than the Redfield ratio 
in the water. On the contrary, if it becomes higher than normal, the water will become 
eutrophication. The application of phosphate concentration for tracing phosphorus 
cycle is limited as a non-conservative element. 
Researches on phosphorus cycle with stable isotope of phosphorus cannot be 
accomplished because it has only one stable isotope-
31
P. Phosphate will occur oxygen 
isotope exchange with surrounding water with organism participation. Oxygen 
isotopes composition in phosphate (δ18OP) can reflect some information about the 
phosphorus sources if the requirement of phosphorus is lower compared with its input 
and the circulation is incomplete. Thus, δ18OP can track the phosphorus sources and 
the process of phosphorus circulation in water. The studies of δ18OP in natural water 
have been not a lot yet, this study can help us understand the distributions and 
seasonal variations of δ18OP about Jiulong River Basin, Jiulong River Estuary and 
Taiwan Strait.  
During several researches on Jiulong River Basin (West Stream, North Stream) 
in 2014, it is found that types of field utilization have effects on the phosphorus 
changes. DIP in North Stream presents a possible trend that is higher in both upper 
and lower reaches and lower in middle reaches. It has similar seasonal changes and 
the output velocity during the dry season is higher than that in the wet season. Oxygen 
isotopes composition in water(δ18OW) has sight changes and similar seasonal 
distribution. That is, either δ18OW or δ
18
OP, the dry season is higher than the wet 
season. δ18OP in North Stream is usually lower than the average level. While in West 
Stream, phosphate concentration in the dry season is higher than it in the wet season 
















is approximately twice as much as North Stream. Both two streams have similar DOP. 
δ18OW and δ
18
OP differs slightly. In the basin, δ
18
OP is 15.9‰ in average. 
In the research on the Jiulong River Estuary in April 2015, it has found buffering 
effect does not happen in the middle-and-low-salinity area. The Jiulong River Estuary 
coincidents with the two end-member mixing model. The δ18OP values distribute 
mostly near the mixing line, which reflects the distinct physical mixing effect. The 
role of biological effect to reach equilibrium in the estuary is limited. While the 
external phosphorus source will have a certain impact on the change of δ18OP. All in 
all, the change of δ18OP is dominated by the tide in estuary and other phosphate 
sources. 
During summers of 2014 and 2015 in Taiwan Strait, the δ18OP distributed near 
the Jiulong River estuary and Minjiang estuary area showed a lower value. However,  
a higher value appear near the upwelling area. The process of extracellular enzyme 
depositing DOP for survival leads to the fractionation of δ18OP, which causes δ
18
OP in 
offshore area is lower than the equilibrium level. δ18OP contains in the bottom water is 
usually higher than in the surface water. 
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磷（P）是化学元素周期表中的第 15 号元素，位于第三周期，第ⅤA 族，相
对原子质量 30.97。磷元素约占地壳所有元素含量的 0.099%，丰度排名第 11 位
（Fairbridge，1972；Klein 等，1993）。 













图 1-1 磷的氧化态以及不同氧化态下的有机和无机化合物实例 
（Westheimer，1987） 
Fig.1-1 Oxidation states of P and examples of organic and inorganic   

























至今发现磷的同位素达 23 种（24P~46P），除 31P 外，其余均具有放射性，而
















































图 1-2 生物体内重要的含磷化合物（Paytan 和 McLaughlin，2007） 
































图 1-3 全球输入海岸区的溶解无机磷（DIP）、溶解有机磷（DOP）来源 
（Harrison 等，2005b） 
Fig.1-3 Global sources of DIP and DOP to the coastal zone(Harrison et al. 2005b) 
 
海洋中 DIP 输入只有 35%来自于自然输入，DOP 输入有超过 80%来自自然
输入（图 1-3）（Harrison 等，2005b）。绝大多数河流输入的磷在大陆架地区通过
生物吸收，矿物质结合，有机颗粒物表面吸附和碎屑矿物晶体残留等形式实现沉
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